Objective: Globally, the Na consumption of most people exceeds the WHO recommendation. To be effective, salt reduction programmes require assessment of the dietary sources of Na. Due to methodological difficulties however, comprehensive assessments are rare. Here, we identified Na sources in the Japanese diet using a 4 d diet record that was specifically designed for Na source description. Design: A cross-sectional study. Subjects: Apparently healthy men (n 196) and women (n 196) aged 20-69 years. Setting: The subjects were recruited from twenty-three of forty-seven prefectures in Japan.
Decreasing salt intake reduces the incidence of noncommunicable diseases, such as coronary artery disease and stroke, and remains an important global priority in the public health field (1) (2) (3) (4) . Recently, He et al. reported a successful nationwide salt reduction programme in the UK that reduced population salt intake by 15 % from 2003 to 2011 (5, 6) . As significant decreases in mortality from stroke and IHD and in blood pressure were observed in the same period, the authors claimed that these positive results were attributable to the reduction (6) . Similarly, a Finnish team reported a successful national salt reduction effort that promoted healthy nutrition and produced a decrease in blood pressure (7) . Despite these programmes, however, mean salt intake has remained above the WHO recommendation (<5 g/d) in both populations (7) (8) (9) . In addition to population-based interventions, several counselling methods or interventions for individuals have also been proposed (10) , but their implementation in primary-care settings was shown to be unfeasible (10) . Further efforts to reduce salt intake are therefore required.
Before a salt reduction programme is planned and initiated, current Na consumption and sources of Na in the diet must be assessed (5) . We recently estimated mean Na consumption in the Japanese population and clarified that most Japanese consumed a much higher level of Na than the WHO recommendation (11) . Although salt reduction is particularly urgent for Japanese, no comprehensive evaluation of Na sources in the Japanese diet has yet appeared. Shimbo et al. showed that approximately 50-60 % of the NaCl intake by Japanese was derived from salt-containing seasonings, such as miso (fermented soyabean paste), soya sauce and table salt (12) . While Miura et al. reported that persons with higher salt intake consumed higher amounts of soyabeans/legumes, fruit, other vegetables and fish/shellfish (13) , they did not report the contribution of the individual food groups to Na intake. Anderson et al. reported dietary sources of Na for Japanese as a result of the INTERMAP study (14) . However, the sum of percentage Na from foods and food groups in their study was 84·4 %; namely, foods contributing 15·6 % of Na intake in Japanese were not shown. Also, since food groups adopted in their study did not follow the classifications used in the Standard Tables of Food Composition in Japan (15) , it is difficult to utilize the result for salt reduction in daily life. In addition, data collection for these three studies was done from the 1980s to the 1990s, and recent Na sources in Japanese are unknown. Further, the person or entity with immediate responsibility for the Na content of a meal is unclear; if most Na comes from processed foods, the efforts of food manufacturers are important, but if discretionary salt intake (salt added during cooking at home or at the table) is dominant in the Japanese diet, interventions aimed at personal dietary habits are also important.
Since sources of Na in the diet vary by country, effective interventions to reduce salt intake must be customized for each country. In general, the main source of dietary Na for people in Europe and North America is processed foods such as bread, processed meat and cheese (14, (16) (17) (18) . For example, salt intake from bread is 34·6 % in the UK (14) , 19·5 % in the USA (14) and 13·9 % in Canada (18) . In contrast, discretionary Na intake accounts for more than half of total intake in several countries in Asia, Africa and South America (19) (20) (21) (22) ; in particular, more than 70 % of Na in China (14) , Brazil (22) and Guatemala (20) is discretionary. Here, we examined Na sources in the Japanese diet using recent diet record data collected from twenty-three of forty-seven prefectures in Japan. Each recorded food was classified in accordance with who was responsible for the Na content in that food, namely the individuals themselves or food manufacturers. This classification was then used to determine targets for effective interventions to reduce salt intake. In addition, the contribution of each food group to total Na intake was investigated.
Methods

Study participants
Details of the study design and participant characteristics have been reported elsewhere (11) . Briefly, the study targeted apparently healthy men and women aged 20-69 years living in twenty study areas (twenty-three prefectures in total: three study areas included two adjacent prefectures) throughout Japan. First, 199 dietitians working in separate welfare facilities were recruited to support the study as research dietitians. These dietitians then invited their facility co-workers to participate as study subjects. The participants were not randomly sampled, but were volunteers. Exclusion criteria were: (i) licensed dietary or medical provider (e.g. dietitian, nurse or medical doctor); (ii) residence in the prefecture or prefecture adjacent to that in which the facility was located (workplace at the time of the study) commencing after 1 August 2012; (iii) under diet therapy prescribed by a doctor or dietitian at the time of the study or within one year before the study; (iv) pregnant or lactating women; and (v) history of educational admission for diabetes mellitus.
In total, 791 subjects (395 men and 396 women) participated in the study. The research dietitians explained the aims and procedure of the study to all participants individually. Written informed consent was obtained from all participants.
Measurement schedule
All measurements were made in February or March 2013. Main examination items were semi-weighed diet records (DR; obtained from 392 participants), 24 h urine collection (two non-consecutive days), three questionnaires (two types of diet history questionnaire and one lifestyle questionnaire) and anthropometric measurements (body height and weight). First, four non-consecutive survey days for the DR were arranged. Then, two 24 h urine collections were planned before and after the four DR days. The questionnaire surveys were performed between the first urine collection and the first DR. The measurement schedule aimed to complete all measurements within 10 to 14 d and was arranged by the research dietitian and the participant him-or herself in consideration of the participant's work and private schedules.
Semi-weighed diet record
Half of the study participants (n 400) were asked to complete a DR over four non-consecutive days, and 392 complied (participation rate: 98 %). These participants were selected on a volunteer basis. This reduction in subject number for the DR was necessary to reduce the workload of the research dietitians in checking recording sheets and to improve data quality. On average, twenty subjects participated in the DR survey from each study area. Adjustment of age and sex in each research area made at recruitment was retained even in these participants; in other words, each area generally included four subjects (two men and two women) from each of five 10-year age bands.
The four recording days for the DR consisted of three working days and one day off. The days before and after a night shift were avoided as recording days. All participants were provided a digital kitchen scale (KD-812WH; Tanita, Tokyo, Japan), measuring spoon, measuring cup, manual for the DR and recording sheets. The research dietitian directly explained the recording methods to the participants and supported them throughout the survey.
The participants recorded all foods and drinks consumed by them on the survey days. They weighed ingredients in dishes, prepared dishes after cooking and all drinks using the provided digital scale whenever possible. If participants ate out and weighing was difficult, they recorded the restaurant's name, name of dishes and whether any food was left uneaten. Since it was essential for the present study to comprehend the types and amounts of consumed seasonings such as salt or soya sauce, the participants were asked to list the names and manufacturers of all seasonings that they usually used at home on the recording sheet. The main items recorded on the DR sheets were: (i) names of dishes; (ii) names of foods and any ingredients in dishes; (iii) whether the foods were home-made or ready-made; (iv) approximate amount of foods consumed (amount measured by measuring spoon or measuring cup, or number of consumed foods (e.g. two strawberries)); (v) measured weight of each ingredient, food and/or dish; and (vi) place where the participant had the meal. In addition, the participants were asked to submit packages of processed foods or snacks with the recording sheet for estimation of ingredients.
The recording sheets for each survey day were handed directly to the research dietitian immediately after recording and then checked by the research dietitian as soon as possible. If missing or unclear information was recorded by a participant, the research dietitian questioned the participant directly. After this confirmation process, food item numbers (15) were assigned to all recorded foods and beverages, and if necessary, consumed weight was estimated as precisely as possible utilizing the information recorded for the approximate amount of food, the website of the restaurant or manufacturer, or the nutrition facts on the food package. Recorded food items and weights were then reconfirmed by two research dietitians at the central office of the study. Nutritional value calculations were performed with the statistical software package SAS version 9·3.
Twenty-four-hour urine collection Twenty-four-hour urine collection was performed on two non-consecutive days during the study period. Details of the collection method have been reported elsewhere (11) . One mmol of Na is equal to approximately 58·5 mg of salt (NaCl).
Other measurements
Body height and weight were measured to the nearest 0·1 cm and 0·1 kg, respectively, with the participant wearing light clothing and no shoes. Measurement was done by the research dietitian or medical staff (mainly nurses) at the welfare facility. BMI was calculated as body weight (in kilograms) divided by the square of body height (in metres). Information on the background and lifestyle of the participants was collected by questionnaire. Physical activity level was estimated by summing the product of the time spent on each of a range of activities with various exercise intensities and the metabolic equivalent (MET) value for each activity (23) .
Data analysis
All 392 participants who completed the DR were included in the analysis. Energy intake estimated by the DR of all participants except one was between ≥0·5 times the estimated energy requirement (EER) for people with the lowest physical activity level (EER I, shown in the Dietary Reference Intakes for Japanese, 2010 (24) ) and <1·5 times the EER for those with the highest physical activity level (EER III (24) ). This range was used as an inclusion criterion in several previous studies (25, 26) . The one male participant whose energy intake was 48·8 % of EER I was included in the analysis as an exception. The research dietitian who checked his DR noted that the amounts of foods consumed were low immediately after the survey and confirmed recorded values with the participant several times, but no obvious misrecording was identified. Regarding 24 h urine collection, 376 of the 392 participants who completed the DR also collected urine successfully (11) and were included in the analysis of urinary Na excretion.
To distinguish discretionary Na intake from nondiscretionary intake, all recorded foods or ingredients in each dish were initially classified into three categories: home-made, processed or other (Fig. 1) . The 'home-made' category includes foods cooked at home and having a specific item number in the Standard Tables of Food Composition in Japan (15) , such as cooked well-milled rice or yoghurt made at home. The 'processed' category included foods that were processed by the manufacturer and had a specific item number, such as processed meat (e.g. ham, sausages), fish paste products or dairy products (e.g. cheese, ice cream). All foods prepared and consumed at all types of restaurant were classified as 'processed', because Na intake at a restaurant cannot be controlled by the participant. The 'other' category included any unprocessed ingredients before cooking at home, such as vegetables, meats, fish or milk. Seasonings added during home cooking and used at the table at home were included in the 'other' category. In this classification, Na intake from the foods categorized as 'home-made' or 'other' was considered discretionary intake. On the other hand, intake from foods in the 'processed' category was considered non-discretionary Na intake. All foods and ingredients were then reclassified into three intake source groups using the categories described above and the place where the participant had the meal. The three groups were: (i) the 'self-cooking' group, including foods and ingredients categorized as 'home-made' or 'other' and consumed at home or outside (e.g. box lunch); (ii) the 'ready-made' group, including those in the 'processed' category and consumed at home; and (iii) the 'dining out' group, including those in the 'processed' category and consumed outside the home. For this classification, Na intake from foods in the 'selfcooking' group was considered discretionary, and intake in the 'ready-made' and 'dining out' groups was considered non-discretionary. This grouping was used in the subsequent analysis.
Crude and energy-adjusted (by the density method (27) ) Na intake estimated by the DR was summarized by sex, age tertiles, BMI and urinary Na excretion tertiles. The amount and percentage of energy-adjusted Na intake from the three intake source groups were also determined to show the ratio between discretionary and non-discretionary Na intake. Univariate and multivariate linear regression analyses were then performed to examine the effect of age, sex, BMI, energy intake and urinary Na excretion (actual Na intake) on the proportion of discretionary Na. In the multivariable model, the prefecture in which a participant lived was also included as a possible confounder. Finally, all recorded foods and beverages were classified into twenty-nine food groups based on the classification in the Standard Tables of Food Composition in Japan (15) to show the proportion of Na intake from each food group by sex and age. When a certain category in the food composition table included different types of foods (e.g. rice, noodles and bread are included in a 'cereals' category), the classification was performed according to the similarity of nutrient profiles and culinary usage of the food. In these food group categories, the 'other readymade foods' category included processed foods with specific item numbers (15) and hamburgers and fried chicken served at fast-food restaurants, because some of the fast-food restaurants released detailed nutrition facts sheets and nutritional value calculation based on this information was thought to be more accurate than breaking down the food into ingredients before calculation. The relationship between the contribution of each food group to total Na intake and age was examined using a linear regression model which included the contribution (percentage) of each food group as a dependent variable and age (continuous) as an independent variable.
All analyses were performed with SAS version 9·3. Statistical tests were two-sided and P values of <0·05 were considered statistically significant.
Results
Participant characteristics are shown in Table 1 . Each area included about twenty participants, with closely similar numbers by sex and age category due to age and sex stratification at recruitment. Na intake estimated by the DR was lower than Na excretion assessed by 24 h urine collection, with a difference between means of 408 mg/d in men and 303 mg/d in women.
The amount and proportion of Na intake from selfcooking, ready-made foods and dining out are described in Table 2 . The proportion of discretionary Na intake by self-cooking in total Na intake was 52·3 % in men and 57·1 % in women. This proportion was apparently lower in younger participants. The proportion of non-discretionary Na intake by dining out was higher in younger participants, whereas that from ready-made foods was not linearly associated with age. The association between the proportion of discretionary Na intake and age, sex, BMI, energy intake and Na excretion as a surrogate of actual Na intake was assessed by linear regression analysis (Table 3) . Older age was significantly associated with a higher proportion of discretionary Na intake in both men and women (P < 0·0001). Lower BMI was marginally associated with a higher proportion of discretionary Na intake in multivariate analysis in women (P = 0·07), meaning that under the same age and actual Na intake, the proportion of discretionary Na intake was higher in participants with a lower BMI. The proportion of discretionary Na intake was not significantly different between men and women.
The contribution of each food group to total Na intake was then examined. Table 4 shows the categorization of all recorded foods and beverages. The greatest contributor was seasonings, which accounted for 61·7 % of total intake in
Step 2: The categories described in step 1 were rearranged into three groups.
1. Self-cooking: this group includes 'home-made' and 'other' foods.
Salt intake from foods in this group was considered as 'discretionary'.
2. Ready-made: this group includes 'processed' foods consumed at home.
Salt intake from foods in this group was considered as 'non-discretionary'.
3. Dining out: this group includes 'processed' foods consumed outside the home.
Step 1: Foods were categorized into one of three categories shown below.
1. Home-made: foods cooked at home with specific food item numbers (e.g. cooked well-milled rice, home-made yoghurt) ← Salt was added by the participant.
2.
Processed: foods processed by manufacturers (e.g. processed meat, dairy products) or all foods served at restaurants ← Salt was added someone other than the participant.
3.
Other: any unprocessed ingredients before cooking at home (e.g. vegetables, fish, seasonings used for home-cooking) ← Salt was added by the participant. Fig. 1 Classification of recorded foods by person or entity responsible for salt content men and 62·9 % in women (Table 5) . Soya sauce and miso tended to be consumed by the older participants, while other seasonings including Worcester sauce, dressings and roux tended to be consumed by the younger participants. The second highest contributor was fish and shellfish in both sexes (6·7 % in men and 6·6 % in women), but the third differed between men (noodles, 4·9 %) and women (bread, 5·0 %). The major contributors apart from seasonings also differed by age. For example, the proportion of Na intake from noodles was significantly larger in younger men (P = 0·001), but this difference was not observed in women (P = 0·63). Interestingly, although pickled vegetables are generally considered an important Na source in the Japanese diet, their contribution was only 3·8 % in men and 3·1 % in women, with these proportions being even lower in younger participants (P < 0·0001 in men, P = 0·02 in women).
Discussion
The present study found that the proportion of discretionary Na intake in total Na intake was 52·3 % in men and 57·1 % in women in Japan. Although this accounted for more than half of intake in both sexes, the significant decrease in discretionary Na intake in younger generations possibly suggests that the proportion of Na intake from processed foods and the food-service industry will increase steadily in the Japanese population. The present study was conducted under a cross-sectional design, preventing any direct mention of secular trends in dietary Na source. Nevertheless, dietary habits established in childhood are known to track into adulthood (28) and this implies that current consumption patterns of salt in young generations will not easily change over time. *Mean daily Na intake was estimated by the 4 d diet record. Both crude and energy-adjusted intakes by the density method are shown. †Na excretion was measured by 24 h urine collection in 376 participants (189 men and 187 women). ‡The percentage indicates the proportion of Na intake from each intake source group in total Na intake.
Several studies from Asian (14, 19, 21) , South American (20, 22) and African (20) countries have reported that a high proportion of Na intake comes from discretionary sources or seasonings, while studies in European (14, 17) and North American (14, 18) countries have reported that a high proportion is non-discretionary or from processed foods. Although Japan is an Asian country, efforts to reduce salt intake will need to be made at not only the personal level but also by the food-service industry, by reducing the salt content of processed foods and in dishes.
BMI was not associated with the proportion of discretionary Na intake in men. Although we previously reported that higher BMI was associated with higher Na excretion (i.e. absolute amount of Na intake) (11) , the source of Na in the present study was the same regardless of body constitution. On the other hand, higher BMI was marginally associated with a lower proportion of discretionary Na intake in women on multivariate analysis. As the self-reported frequency of dining out was not significantly related with BMI in women (data not shown), food selection or use of salty seasonings (or both) might differ between individuals with high and low BMI. Our previous study showed that although both Na and K intakes were significantly higher in individuals with a higher BMI, the increment of mean K intake in these individuals was relatively smaller than that of mean Na intake (11) . We speculated that individuals with a higher BMI tended to have an unhealthy lifestyle, such as a preference for salty foods and aversion to foods with high K content (11) . The marginal relationship between higher BMI and a lower proportion of discretionary Na intake observed in the present study might support our previous speculation, because a higher proportion of discretionary Na intake might have reflected a lower intake of Na from processed foods or the food-service industry based on health-consciousness. In any case, these behavioural aspects of salt intake should be clarified in future studies. The difference in results between men and women might have resulted from the fact that women are usually in charge of meal preparation in Japan (29) . Na sources in men might be largely affected by the women who prepare the meals for them. In men, a marginal (P = 0·08) and positive relationship was observed between energy intake and the proportion of discretionary Na intake. This was possibly due to difficulty of accurately reporting of foods consumed out of home, but an exact reason was unknown.
Further, Na excretion was not associated with the proportion of discretionary Na intake in both men and women. This result implies that both discretionary and non-discretionary Na intakes were higher in those who consumed a higher amount of Na, and that the ratio between them was stable. Both individual and population approaches to salt reduction should be implemented for all people, regardless of their Na consumption.
The difference in food groups contributing to Na intake between age categories was also notable. The greatest contributor to Na intake was seasonings and the proportion of Na from seasonings was distributed in a narrow range (58·8-65·5 %), even in the different sexes and age categories. A decrease in salty seasoning use and/or promotion of the use of salt-reduced seasonings would also be effective in reducing salt intake in the whole Japanese population. In contrast, other food groups contributing to Na intake differed between sexes and age categories. The second contributor was fish and shellfish in both sexes, but their contribution was significantly smaller in younger participants. Instead, the contribution of meat to Na intake was significantly greater in younger participants. Other important contributors to Na intake were noodles and bread. Their total proportion as 
Age, BMI, urinary Na excretion and energy intake were individually included as independent variables in the univariate model. Age, BMI, urinary Na excretion, energy intake and residential prefecture (twenty study areas) were simultaneously included in the multivariable model. In the analysis including both men and women, sex was included as another independent variable in the multivariate model. *In the linear regression analysis, the proportion of discretionary Na intake (%) was the dependent variable. Na source was approximately 8-9 %, a larger proportion than that from fish and shellfish. Although rice is a staple food in Japan, other processed foods which are consumed as staples in large quantities cannot be ignored as important Na sources. If Na content reduction is to be implemented in Japan, good candidates include bread, noodles and processed meats, as they are already considered in the UK (5) . Traditional salty foods such as pickled vegetables and miso soup have attracted attention as the main contributors to salt intake in Japan and a reduction in their intake is frequently recommended. However, pickled vegetables accounted for approximately 2 % of total Na intake in participants aged less than 36 years and lists of the major Na sources in the Japanese diet should be adjusted accordingly.
It is difficult to compare our results about the contribution of food groups to total Na intake with the INTERMAP study because categorization of the food groups was considerably different and a list of food codes included in each food group was not shown in the INTERMAP study (14) . The contribution of soya sauce was almost the same in two studies, but that of salted vegetables and fruits was largely different (9·8 % in the INTERMAP, 3·8 % in men and 3·1 % in women in our study) (14) . The reasons for the difference might be the difference in participants' age (40-59 years in the INTERMAP and 20-69 years in our study) and timing of implementation of the studies. Also, when the amounts of ingredients were clear, home-made salted vegetables in our study were broken down into ingredients (salt and raw vegetables) before the coding to estimate salt intake precisely. If all salted vegetables recorded in the INTERMAP study were given the food codes for the typical salted vegetables in the food composition table (15) , their contribution should have been higher than that in our study. Making salted vegetables at home can be considered a cooking process such as baking or stewing, so it is difficult to determine which coding method is better.
From a different viewpoint, our present results imply that dietary habits in Japan are in a process of nutrition transition (30) (31) (32) . Since the present study was a crosssectional one, little can be said about secular trends in dietary intake within individuals. However, another recent study showed similar changes in food intake, namely recently increasing intakes of meats and confectioneries in younger individuals and increasing intakes of fish and fruits in older age (33) . Unlike most studies of nutrition transition (30) (31) (32) , we did not describe changes in fat, sugar and fibre intakes between generations, but the increased Na intake from processed foods (e.g. noodles, bread) and meats and the lower intake from fish and traditional pickled vegetables in our younger participants implies that the Westernization of dietary patterns in Japanese is progressing. These changes in food consumption pattern should be considered in efforts to reduce salt intake not only in Japan but also in other countries facing a rapid Others § *Item number 1118 is sekihan (rice steamed with red beans). One-eleventh of its weight was regarded as the weight of red beans (cowpeas) and the rest as the weight of well-milled rice. †Green and yellow vegetables and other vegetables were classified based on a notification from the Ministry of Health, Labour and Welfare. Green and yellow vegetables generally include ≥600 μg of carotene per 100 g of edible portion. ‡Since some of major fast-food restaurants released the detailed nutrition facts sheets, their information was used in the nutritional value calculation. Most of these foods except for French fries, beverages, seasonings and confectioneries were categorized into ready-made foods. §'Others' means foods without specific item numbers such as hamburgers or supplements. Bread  176·4  4·26  3·16  4·97  4·62  0·02  169·8  5·00  5·10  5·49  4·39  0·31  Other grain products  14·0  0·35  0·41  0·45  0·20  0·11  11·4  0·31  0·37  0·27  0·29  0·43  Potatoes  3·8  0·09  0·13  0·11  0·04  0·09  3·3  0·10  0·14  0·09  0·06  0·35  Sugar  0·4  0·01  0·01  0·01  0·01  0·09  0·4  0·01  0·01  0·01  0·01  0·88  Pulses  15·8  0·38  0·40  0·30  0·43  0·39  13·9  0·40  0·35  0·41  0·44  0·59  Nuts  2·7  0·06  0·04  0·09  0·04  0·91  1·7  0·04  0·04  0·05  0·04  0·88  Green and yellow vegetables  16·0  0·37  0·44  0·35  0·33  0·29  16·5  0·45  0·47  0·49  0·39  0·98  Pickled vegetables  184·9  3·83  2·02  2·78  6·52  <0·0001  126·2  3·11  2·30  3·12  3·95  0·02  Other vegetables  12·4  0·28  0·30  0·29  0·27  0·43  14·4  0·39  0·35  0·39  0·44  0·11  Fruits  0·4  0·010  0·008  0·010  0·013  0·02  0·6  0·017  0·010  0·013  0·027  <0·0001  Fruit and vegetable juice  16·0  0·37  0·30  0·37  0·43  0·82  10·2  0·28  0·36  0·20  0·29  0·39  Mushrooms  2·4  0·05  0·02  0·06  0·08  0·20  2·6  0·07  0·05  0·09  0·07  0·67  Seaweeds  68·6  1·56  1·02  1·85  1·79  0·09  70·5  1·87  1·51  1·41  2·73  0·003  Fish and shellfish  298·5  6·67  5·62  6·26  8·03  0·002  246·3  6·58  5·74  6·01  8·03  0·004  Meat  167·0  3·88  4·36  3·80  3·49  0·01  120·8  3·56  4·09  3·76  2·79  0·003  Eggs  63·0  1·50  1·51  1·53  1·46  0·92  50·5  1·45  1·46  1·48  1·41  0·73  Dairy products  83·1  1·98  2·17  1·80  1·97  0·55  89·8  2·59  2·49  2·77  2·52  0·69  Fats  7·3  0·18  0·15  0·20  0·18  0·98  8·7  0·25  0·28  0·17  0·29  0·84  Oils  55·1  1·31  1·38  1·37  1·18  0·28  53·2  1·57  1·62  1·89  1·17  0·07  Confectioneries  65·6  1·54  1·83  1·36  1·45  0·23  76·8  2·22  2·66  2·25  1·75  0·01  Alcohol beverages  4·2  0·10  0·08  0·11  0·10  0·51  1·4  0·04  0·03  0·06  0·04  0·26  Tea and coffee  21·7  0·53  0·60  0·65  0·35  0·05  18·4  0·53  0·51  0·53  0·57  0·52  Soft drinks  1·6  0·03  0·03  0·04  0·03  0·22  1·9  0·06  0·07  0·04  0·06 Other ready-made foods  144·6  3·56  4·70  4·00  2·06  0·002  101·3  3·00  3·74  3·36  1·88  0·04  Supplements  2·4  0·06  0·03  0·10  0·05  0·87  0·6  0·02  0·01  0·03  0·01  0·87 *Contribution (%) of each food group as Na source in total Na intake. †Trend of association was examined using a linear regression model including the contribution (%) as a dependent variable and the age (continuous) as an independent variable. ‡'Seasoning, total' is the sum of seasonings in five categories (soya sauces, miso, salt, soup stock and others).
change in dietary habits. Further, given the impact of increasing intakes of fat and sugar and decreasing intake of high-fibre foods, as well as higher intake of Na, which are all important risk factors for non-communicable diseases (31, 32) , these changes indicate the need for a more comprehensive reconsideration of dietary intake.
Another important finding of the present study is that estimation of the absolute amount of Na intake using the DR was inaccurate. An inconsistency between intake estimated by the DR and excretion measured by 24 h urine collection was apparent in participants with particularly high or low Na intake. Pearson correlation coefficients between the crude estimated and crude measured values were 0·35 (P < 0·0001) in men and 0·40 (P < 0·0001) in women, indicating reasonably good correlation. In contrast, differences between the means of measured and estimated values per measured Na excretion in the male participant groups with low, medium and high Na excretion were 28·6 % (over-reporting), −7·3 % (underreporting) and −27·1 % (under-reporting), respectively. Similar results were seen in the female participants. Thus, estimated Na intake appeared higher than actual intake in participants with low Na intake, and lower than actual intake in those with high Na intake. When information about the amount of food items consumed was approximate only, we had to use standardized weights for some foods based on a book detailing the effect of cooking on ingredients or the amount of seasonings including in typical Japanese dishes (34) . For raw tuna sushi, for example, one dip of soya sauce was defined as 0·12 g when the participant reported using a 'small amount' of soya sauce or 0·25 g when using a 'large amount'. This standardization process might have masked extreme amounts of consumed foods, resulting in convergence of estimated intakes to the average. Moreover, the effect of this standardization was probably greater for seasonings than for other foods, because it is difficult to record their precise amount, with consumption often less than 10 g. At the same time, misreporting of overall foods and beverages should be considered in interpreting the results. Zhang et al. reported that people with a higher BMI tend to under-report both Na as well as energy intakes (35) and used the ratio of the dietary intake of Na to urinary Na excretion as a biomarker of under-reporting of energy. Further, Murakami et al. reported that Na intake was under-reported in under-reporters of energy intake, but that energy-adjusted intake of Na did not differ between under-reporters, acceptable reporters and over-reporters (36) . Here, therefore, we focused on the proportion of Na intake from various sources in total estimated Na intake.
Our study has several strengths. First, as the survey was designed from the outset to collect information about salt intake, the DR was designed to collect detailed information about seasoning and salty foods. Precise information, such as the brand name of individual seasonings or consumed amount, was useful in estimating Na intake, because most Na contained in foods is invisible. The classification of Na source, in particular the categories used to define discretionary and non-discretionary intake, were also planned before the survey was started and categorization was performed systematically. Three studies have reported the contribution of food groups as Na sources in the Japanese diet, but none of them classified Na intake into discretionary and non-discretionary intake (12) (13) (14) . Second, salt intake estimated by the DR and Na excretion measured by 24 h urine collection could be matched. This allowed us to determine the degree of misreporting in the DR and to compare the proportion of discretionary intake between participants with high Na intake, which were accurately evaluated using the 24 h urine collection, and those with low Na intake. Lastly, the survey was conducted in both men and women in wide range of age groups (20-69 years) living throughout Japan. The difference in Na sources between generations was clearly described and should be considered in establishing salt reduction programmes for the entire population.
On the other hand, several limitations of the study should be noted. First, the participants were not randomly sampled from the general Japanese population, but were volunteers and likely health-conscious. All except those aged 60 years and above were recruited from welfare facilities. As stated in our previous study (11) , however, the basic characteristics of the participants were similar to those of the general Japanese population. Second, as described above, considerable misreporting in the DR was still observed, and Na intake was particularly under-or overestimated in participants whose Na intake was particularly high or low. Thus, we mainly discuss the proportion of Na intake from various sources, not the amount. Third, classification of food groups was difficult. We had to use a surrogate food item number for some processed foods or break them down into ingredients when they were not assigned a special food item number in the Standard Tables of Food Composition in Japan (15) . This might have caused misclassification, particularly for the 'other ready-made foods' category. However, as a source of Na in the present study, the contribution of this category was not particularly large, at 3·6 % in men and 3·0 % in women.
Conclusion
In conclusion, we examined Na sources in the Japanese diet. The proportion of discretionary Na intake was 52·3 % in men and 57·1 % in women. Since Na intake from processed foods and the food-service industry was larger in the younger participants, a population approach to Na reduction will become increasingly important.
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